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ABSTRAK 
Pada masa kini, industri pembinaan memberi tumpuan kepada penggunaan bahan hijau 
yang mana satu prosesnya melepasi bumi, PSBE sebagai bahan pozzolan yang 
menawarkan lebih banyak tindak balas pozzolanik. Selain itu, penggunaan konkrit ringan 
dalam pembinaan semakin banyak dari semasa ke semasa kerana ia  mempunyai daya 
memampatan sendiri yang tinggi dan mampu mengalir sendiri. Fokus kajian ini adalah 
untuk mengkaji kesan lokasi yang berlainan dalam seksyen berongga lingkaran pada 
kekuatan lenturan rasuk konkrit busa yang mengandungi (Process Spent Bleaching 
Earth), PSBE sebagai penggantian sebahagian daripada simen. Berdasarkan kajian ini, 
keperluan kajian ini telah dikenalpasti sebagai: i) Untuk menentukan beban maksimum 
lenturan lentur dengan menggunakan ujian lenturan empat titik ii) menentukan Kepada 
pesongan rasuk. iii) Untuk menentukan mod kegagalan rasuk lenturan. Dengan 
menggunakan 30% PSBE sebagai penggantian simen separa, tiga rasuk bersaiz 150mm 
x 200mm x 1500mm yang dilemparkan dengan seksyen berongga 50mm bulat diletakkan 
pada ketinggian yang berbeza dan satu rasuk kawalan dengan saiz yang sama. Ujian 
lenturan empat titik dilakukan untuk mendapatkan beban muktamad dan Transduser 
Pemindahan Variasi Linear (LVDT) digunakan untuk mengukur pesongan. Corak retak 
diperhatikan dan dianalisis. Keputusan eksperimen menunjukkan bahawa peratusan 
kehilangan kekuatan lenturan bertambah dengan peningkatan kedalaman bahagian 
berongga iaitu 28%, 40.79% dan 49.13% bagi Beam 2, Beam 3 dan Beam 4. Retak 
pertama pada rasuk dianggap sebagai retak utama sejak rasuk tidak diperkuat. Penurunan 
pesongan berbanding Beam 1 masing-masing adalah 5.71%, 11.43% dan 34.0% bagi 
Beam 2, Beam 3 dan Beam 4. Oleh itu, kekuatan lenturan dan pesongan bergantung pada 
momen kedua inersia yang kemudian momen inersia kedua bergantung pada paksi 
neutral. Secara tuntas, rasuk dengan bahagian berongga pada paksi neutral adalah rasuk 
yang sesuai untuk perancangan masa depan pembinaan kerana lebih tinggi beban 
muktamad dan defleksi. Dengan menambah tetulang dalam mana-mana aplikasi rasuk, 
akan lebih baik kerana beban muatan dan nilai pesongan akan lebih besar. 
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ABSTRACT 
Nowadays construction industry focus in using green material which one of it is 
processed spent bleaching earth (PSBE) as pozzolan material which offer more 
pozzolanic reaction. Other than that, application of foamed concrete in construction 
getting wider from time to time as it able to have high self-compacting and self-flowing. 
The focus of this research is to study the effect of different location of circular hollow 
section on the flexural strength of foamed concrete beam containing processed spent 
bleaching earth as partial replacement of cement. The objectives of this research is to 
determine the maximum load of the flexural beam, the deflection of flexural beams and 
the mode of failure of the flexural beam by using four point bending test. By using 30% 
PSBE as partial replacement of cement, three beam sized 150mm x 200mm x 1500mm 
casted with 50mm circular hollow section were placed at different height and one control 
beam with the same size. Four point bending test were carried out to obtain the ultimate 
load and Linear Variable Displacement Transducer (LVDT) were used to measure the 
deflection. The crack pattern was observed and analyzed. The experimental result shows 
that Beam 2 produced greater maximum load with 3.320kN, flexural strength with 0.664 
N/mm2 and deflection with 0.330mm. The loss percentage of flexural strength increased 
as the depth of hollow section increased which are 28%, 40.79% and 49.13% for Beam 
2, Beam 3 and Beam 4 respectively when compared to Beam 1. The decrement of 
deflection compared to Beam 1 are 5.71%, 11.43% and 34.0% for Beam 2, Beam 3 and 
Beam 4 respectively. First crack on the beam was reflected as the ultimate crack since 
the beam were unreinforced. Hence, the flexural strength and deflection depend on the 
second moment of inertia which then second moment of inertia depends on the neutral 
axis. In short, the beam with hollow section at the neutral axis is the suitable beam for 
future planning of construction due to higher ultimate load and deflection.by adding the 
reinforcement in any beam application, will be better because the ultimate load and 
deflection value will be bigger. 
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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Introduction 
As the demand of construction increased around the globe by year due to the rapid 
growth in population, the demand for concrete as the major material for construction also 
increase (G. Habert, 2011). Customarily, Ordinary Portland Cement that act as a binder 
is use to produce the concrete. Due to this, the demand for cement rose annually and the 
production expected to be enhance by 0.8 – 1.2% reaching to 3.7 – 4.4 billion tons in 
2050 (Benhelal, Zahedi, Shamsaei, & Bahadori, 2013) The increase of cement production 
in number will support emission of Carbon Dioxide, 𝐶𝑂2 and it’s amount will hit 2.34 
billion tons in 2050 if no action taken(Benhelal et al., 2013) 
Back in 2011, Malaysia had produced 38% of world’s palm oil source and the 
industry had contributed over $25.04 billion USD to the national gross(Awalludin, 
Sulaiman, Hashim, & Aidawati, 2015). In refinery crude palm oil treatment, 10-15kg 
bleaching earth per tan CPO (1-1.5 mass%) used. This usage generate up to 240,000 t/yr 
SBE. Bleaching earth is produced in powder and it is fine in size with the contain of 
silicon dioxide estimated to be 57% depending on the type (Loh, Cheong, & Salimon, 
2017). Micro-silica in silicon dioxide will react with calcium hydroxide in order to create 
more aggregate binding CSH. It work 3-5 times faster than the OPC and this will 
providing high early strength and durability to the concrete(Sharma, Khatri, & Kanoungo, 
2014) 
In addition, more researcher had come up with foamed concrete to produce 
lightweight concrete. In producing foamed concrete, large volume of air is entrained into 
the cement paste by using chemical foaming agent (Hamad, 2014). Foamed concrete had 
been applied in the structural building based on its density which varies, as instance 
2 
foamed concrete with density of 1200 – 1600 𝑘𝑔/𝑚3  were used as lightly loaded 
structural concrete application for residential building (Alsaeq, 2013). In practice, 
circular opening highly used in industry since it have more strength than equivalent 
square opening with 9% difference in ultimate capacity(Amiri & Masoudnia, 2015). 
1.2 Problem Statement 
In term of environmental part, the production of cement brought negative impact 
as 900kg  𝐶𝑂2 emitted to the atmosphere for production of one ton of cement. Global                                         
𝐶𝑂2 emission will hit up to 234billion tons in 2050 if no action taken to reduce the activity 
that produce 𝐶𝑂2  (Benhelal et al., 2013). One of waste product that can partially replace 
the cement is Spent Bleaching Earth (SBE) as it contain micro silica that will help to 
produce aggregate binding CSH (Sharma et al., 2014). In fact, SBE is a type of material 
that difficult in handling and managemen. t by nature and volume generated due to lack 
alternative for recovery (Eliche-quesada & Corpas-iglesias, 2014). Other than that, the 
reduction of dead weight of the construction material using lightweight concrete will 
reduce the cross section of concrete structure elements such as beams, columns, plates 
and foundation(Tokyay & Özdemir, 1997). In present building construction transverse 
opening in reinforced concrete beams are frequently provided for the channel of utility 
pipes and ducts. In order to accommodate essential water supply, electricity and 
telephone lines these ducts are necessary. Passing these ducts through transverse 
openings in the floor beams lead to a reduction in the dead space and results in a more 
compact design. It is clear that presense of opening in beams changes in the sectional 
configuration, high stress concentration may lead to cracking unacceptable form aesthetic 
and durability viewpoints when the opening corner are subjected(sarah jabbar, Farzad 
Hejazi, 2016). 
. 
 
 
3 
1.3 Objective 
     The purpose of this study is to investigate the effect of various position of hollow 
section on the strength of foamed concrete beam with processed spent bleaching earth as 
partial replacement of cement. The objectives are shown as below: 
i. To determine the maximum load of the flexural beam by using 4 point bending 
test. 
ii. To determine the deflection of beams.   
iii. To determine the mode of failure of the flexural beam.  
 
1.4 Scope of Study 
            In order to achieve the objective of this study, beams were casted and 
tested. The scope of this research was to study the flexural behaviour and failure 
characteristics. All specimen of beam were constant in length, width and height that are 
1500mm, 150mm and 200mm respectively. The specimen with circular opening made up 
of pipe with diameter 80mm. The control beam and beam with varied in the location of 
circular opening which is placed as 100 mm, 150 mm and 160 mm were designated as 
Beam 1, Beam 2, Beam 3 and Beam 4. The density of foamed concrete is 
1600kg/m3.The simply supported beam was tested using four point bending test to get 
the ultimate load before the beam fail. Three linear variable data transducer (LVDT) were 
place along the beam and were connect to data logger to get the deflection. The crack 
propagated and crack pattern were observed during the testing 
 
1.5 Significance of Study 
Based on this study, the flexural beams with different location of circular hollow 
were fabricated and tested by using four point bending test to get the maximum load. 
Carbon dioxide from cement industry gave the highest contribution to global warming 
phenomenon. Thus, it is a priority to find the approaches to mitigate CO2 emission to 
subside the threat of climate change. In order to that, waste product from oil refinery stage 
which is Processed Spent Bleaching Earth (PSBE) can be apply to partial replace the 
cement content in a concrete. Moreover, the use of PSBE as a waste product can solve 
the landfill disposal problem. The usage of foamed concrete which can minimised the 
37 
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